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In  I960  Aeadealoian  N.Y.  Tsltsln  organised  the  La¬ 
boratory  of  Vhee t-Agropyron  Hybrids  at  our  institute,— 1  The 
task  set  forth  was  to  use  the  eeononloally  valuable  charac¬ 
ters  and  properties  of  wild  oouoh  grass  in  developing 

new  varieties  of  winter  wheat. 

In  the  oourse  of  the  hybridisation  work  it  vws  es¬ 
tablished  that  of  the  sumy  oouoh  grass  speoles  (79)  that 
grow  in  our  oountry,  those  that  can  be  readily  orossed  with 
all  wheat  speoles  ezoept  trltiousi  aonoooooua  nuaber  only 
four,  nanelyi  grey,  elongated,  pubesoent,  and  solonets 
oouoh  grass. 

The  aost  Interesting  for  praotloal  breeding  work,  as 
shown  by  our  experlaents,  is  grey  oouoh  grass  (Agropyron 
glauoua),  which  has  a  set  of  useful  oharaoterss  very  hardy 
in  the  winter  (does  well  over  a  winter  at  teaperatures  of 
alnus  40-63°  with  no  snow),  perennial  life,  resistanoe  to 
fungus  diseases,  high  protein  oontent  in  the  grain  (20-22£), 
large  productive  tillering,  aultlf lowered  spikes  (up  to  13) 
and  aueh  grain  (up  to  5000  per  plant). 

Grey  oouoh  grass  is  ths  olosest  wild  relative  of 
wheat.  This  plant  is  widespread  on  all  oontinents,  whloh 
is  indicative  of  its  exceptional  adaptability  to  various 
ooologloal  oondltions  and  onduranoo. 

In  spito  of  tho  difficulty  of  obtaining  a  hybrid 


progeny  from  oroiiM  b«tm«n  vtiut  and  oouoh  grass,  whloh 
is  related  to  overeoning  ths  sterility  of  tho  first  genera- 
tion,  extensive  and  valuable  aaterial  has  boon  obtainod  at 
tho  laboratory  in  a  relatively  short  poriod  of  tine,  and  it 
has  snriohod  and  advanced  thoorotleal  and  praetioal  reaote 
hybridisation. 

Lot  us  dwell  briefly  on  tho  results  and  prospoots  of 
orossing  soft  winter  wheat  with  grey  oouoh  grass. 

Hybrids  froa  erossss  botwssn  42-ohromosome  soft 
wheat  and  42-ohroaosoae  oouoh  grass  (gray)  are  produoed  in 
aooordanoe  with  tho  following  system  (wheat  x  oouoh 
grass)  x  wheat.  In  ths  seoond,  third  and  subsequent  gener¬ 
ations  of  hybrids  froa  suoh  a  oross  there  is  an  extensive 
and  ooaplex  fora- producing  proooss  resulting  in  appearanoe 
of  aany  diverse  oonstant  fores  of  plants,  We  have  arbitra¬ 
rily  divided  all  those  ferns  into  throe  groups  aooording  to 
typo  of  spike  and  nuaber  of  chromosonesi  1)  42-ohroaosoae 
hybrids  with  wheat  typo  spikoi  2)  56-ohroaosoae  hybrids 
with  lnteraedlate  typo  spike,  and  3)  42-ohroaosoae  and  56- 
ohroaosoae  hybrids  with  oouoh  grass  typo  spike. 

The  first  group  is  of  greatest  interest  for  seleo- 
tion  of  eoonoaioally  valuable  fores.  As  a  rule  the  hybrids 
in  this  group  do  not  differ  froa  soft  wheat  with  respeot  to 
aorphologioal  oharaoters  but,  having  Jkgropyron  genes  in 
their  ohroeosone  sot,  they  are  resistant  to  diseases,  high¬ 
ly  produetive,  nonlodging,  hardy  and  have  other  valuable 
properties.  Three  suoh  42-ohroaosoae  winter  hybrids,  PPO 
186,  599  and  Vo  1,  have  boon  released  to  regions  and  are 
being  oultlvated  in  18  oblasts  and  republies  in  our  sono. 
They  differ  froa  other  oult Ivors  of  winter  wheat  now  in 
production  by  thel'r  high  productivity,  hardiness,  early 
aaturatlon,  rosistanoo  to  fungus  diseases,  to  lodging,  and 
along  with  this  they  have  a  largo  grain  and  good  baking 
qualities. 

Thus,  the  aoan  PPG  harvest  over  a  20-year  period  of 
strain  testing  at  tho  institute  constituted  42.8  eontners 
per  heotare.  Under  production  oondltlons  in  tho  nonohorno- 
soa  sono  it  has  produoed  record  harvests  in  sons  years t  up 
to  60-70  centners  of  grain  per  heotare. 

During  ths  last  two  years  we  transaittod  two  eore 
wheat-Agropyron  hybrids  for  stats  strain  testing.  One  of 
then,  PPO  99  (Vigors  1)  aerits  attention t  during  the  strain 
testing  poriod  at  tho  institute  it  surpassed  tho  yield  of 


standard  PM  186  by  5.1  centners  par  haotara 


This  new  cult Ivor  is  notabla  for  early  maturation, 
it  is  hardiar  in  tha  winter,  totally-  insusoaptibla  to  pow¬ 
dery  and  karnal  smut  whan  artificially  infaotad,  doas  not 
shad,  is  aasily  thrashad,  rasists  lodging,  and  has  good 
baking  qualities. 

Aooording  to  tha  data  of  tha  Noseow  Oblast  Inspeo- 
tlon  Offioas  of  tha  State  Commission,  during  tha  two  years 
of  tasting  PM  99  yielded  3.1  eentnera  more  par  haotara 
than  tha  standard. 

At  present  there  are  many  new  promising  speolmens 
and  strains  at  tha  Laboratory  of  Wheat-Agropyron  Hybrids. 

In  1966  a  study  was  made  of  20  new  speolmens  in  a  competi¬ 
tive  strain  tost,  14  of  whleh  surpassed  tha  productivity  of 
standard  variety,  PM  186.  In  three  of  tha  most  promising 
speolmens  (260,  99/8  and  258),  tha  harvest  increment  consti¬ 
tuted  5-7. b  centners  par  haotara.  In  addition,  73  speolmens 
underwent  preliminary  strain  tasting  and  4l  of  these  sur¬ 
passed  the  standard  harvest.  Sloven  speolmens  stood  out 
among  these  new  breeding  Mterlals,  and  their  yield  was 
higher  than  both  the  standard  PPG  186  and  Mlronovskaya  808. 

In  contrast  to  the  first  group  of  tybrids,  those  in 
the  second  group  (56  chromosomes)  had  14  oouoty  grass  chro¬ 
mosomes  rather  than  genes  and  oonsequently  they  have  sore 
of  the  oouoh  grass  oharaoters  and  properties. 

With  respeot  to  appearanoe  and,  first  of  all,  spike 
type,  these  hybrids  oooupgr  an  intermediate  plaoe  between 
wheat  and  oouoh  grass.  Among  then  are  forms  that  have  in¬ 
herited  from  wheat  the  annual  form  of  life,  self-pollina¬ 
tion,  lobular  root  system,  largo  also  and  oolor  of  grain, 
struoture  of  oar  husk,  and  forms  that  inherited  from  oouoh 
grass  reslstanoe  to  diseases,  hardiness,  perennial  form  ef 
life,  maturation  of  the  plants  from  top  to  bottom,  oross 
pollination,  green  grain  oolor  and  otter  oharaoters. 

The  hybrid  plants  also  present  new  oharaoters  absent 
from  the  initial  forms*  The  spike  is  of  an  intermediate 
type,  spike  ramlfloation  is  usual  and  tassolate,  there  are 
typloal  multiple  flowers  (up  to  18),  presence  of  two  oars 
on  one  level  of  the  spike  stem  and  high  protein  oontont  in 
the  grain  (over  29Jt). 
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Figaro  1.  ShMTta  af  win tor  wheat .  On  1 
right  —  prsaiiini  PfO  99 j  an 
th«  loft  —  standard  PfO  186. 


Tha  oytoganstio  stadias  psrfsraad  at  a  or  laboratory 
raoantljr  bars  indioatad  that  tha  constant  faraa  af  intar- 
■adiata  36-ehroaossns  hybrids  aarjr  with  raspaet  ta  gsnotyps. 
It  is  known  that  tha  ehroassona  sat  af  saft  whsat  eansists 
of  ganaaas  A.  B.  0  and  that  of  gray  osueh  grass  —  ganaaas 
B,  B.  X.  Tha  additisnal  It  oanoh  grass  ohrsassssras  in 
thasa  hybrids  ara  rafarabla  ta  diffarant  ganaaas i  la  ssas 
faros  thay  bslsng  ta  ooaoh  grass  ganaaa  0*  in  etbars  to 
ganaos  X.  Tharafara  thsrs  is  diffarant  oanifastatisn  af 
oanoh  grass  and  whsat  eharaotsrs  in  intsrosdiats  hybrids. 


Tha  prasanaa  af  constant  fa: 


af  intaroadiata 
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hybrids  with  different  genomes  of  eoueh  grass  indieates 
that  the  breeder  has  new  and  valuable  forms  of  plants  at 
his  disposal.  Bari 1 or  we  oonsldered  this  type  of  plants 
merely  as  a  side  produot  obtained  in  hybridising  wheat  and 
oouoh  grass  and  of  no  Interest  to  the  breeder  beeause  of 
the  low  yield,  further  studies  revealed  that  it  is  possi¬ 
ble  to  obtain  plants  with  the  appearanoe  and  spike  of  wheat 
not  only  from  a  direct  hybridisation  of  wheat  and  oouoh 
grass  as  had  been  done  heretofore,  but  also  by  orossing  in¬ 
termediate  56-ohromosome  hybrids  with  different  genome  com¬ 
position  with  one  another.  This  results  in  highly  produc¬ 
tive  hardy  wheat  plants  with  good  grain  and  many  economi¬ 
cally  useful  oouoh  grass  oharaeters. 

It  may  be  that  in  tha  future  wheat  and  oouoh  grass 
hybridisation  will  proceed  in  the  direction  of  oreating 
mediators,  intermediate  56-ehromosome  forms  of  hybrids 
whioh,  when  oroased  with  one  another  or  with  wheat,  can 
produoe  better  forms  and  varieties  of  wheat.  Thus  the 
struoture  of  the  genome  oomposition  of  oonstant  intermedi¬ 
ate  wheat-Agropyron  hybrids  which  we  have  determined  per¬ 
mits  an  utterly  new  approaoh  to  the  problem  of  their  future 
use. 

On  the  basis  of  laboratory  studies  on  hybridisation 
of  many  varieties  of  wintor  wheat  with  grey  oouoh  grass, 
the  following  oonoluslons  oan  be  drawn  1 

1.  Grey  oouoh  grass,  like  the  other  widely  distrib¬ 
uted  natural  Agropyron  speoles,  represents  a  very  hetero- 
sygous  population.  Therefore  before  undertaking  hybridisa¬ 
tion  of  wheat  and  oouoh  grass  a  thorough  study  must  be  made 
and  initial  oouoh  grass  swterial  must  be  selected. 

2.  It  is  best  to  use  wheat  as  the  maternal  form. 

In  this  oase  Mrs  hybrid  seeds  (25*90)1)  germinate,  first 
generation  hybrid  sterility  is  easier  to  overcome  and  the 
forn-produolng  prooess  proceeds  in  the  direction  of  inter¬ 
mediate  and  wheat  typos.  When  oouoh  grass  is  used  as  the 
maternal  plant,  the  peroentage  of  hybrid  seed  germination 
is  very  low  and  the  first  gsneratlon  hybrids  are  sterile t 
it  is  almost  impossible  to  overoomo  tho  sterility  by  re- 
pollination  with  wheat  pollen.  The  forn-produolng  prooess 
goes  in  the  dlreotlen  of  oouoh  grass  typo  hybrids. 

3.  lot  all  wintor  wheat  eultlvars  oan  bo  readily 
orossod  with  oouoh  grass  sr  yield  equivalent  hybrid  brood¬ 
ing  material.  Best  results  are  obtained  frost  orossos 


between  eonoh  crass  and  vlntsr  wheat  of  hybrid  origin  (RFQ 
46/131,  MO  W/154,  Hostlanua  237,  Brytbrospermum  648, 
Brytbrospermum  lib). 

4.  Thors  is  doainanos  of  eoooh  grass  oharaofeors  in 
first  gonoratlon  hybrids!  poronnial  llfo,  groat  winter 
hardiness  and  roslstaneo  to  frost  and  fongal  dlaoasos,  long 
friablo  spiko,  sturdy  stalk. 

5*  The  bast  aothod  to  overoome  sterility  in  first 
gonoratlon  hybrids  is  ropolllnatlon  with  wheat  pollen. 

6.  There  is  extensive  form-producing  activity  in 
seoond,  third  and  fourth  generation  hybrids  with  respect  to 
euoh  oharaoters  as  typo  of  spiko,  porenniality,  winter 
hardiness,  inaunity,  fertility,  early  maturation  and  others. 
Plants  with  a  wheat-typo  spiko  begin  to  segregate  in  the 
seoond  generation. 

7*  from  the  fourth  generation  on,  the  form-produo- 
ing  process  begins  te  reoedo.  Among  the  progeny  sf  this 
generation  of  hybrids  already  about  70-80%  of  the  forms  are 
oonstant  with  respect  to  aorphologioal  oharaoters  and  they 
are  used  as  initial  smterial  for  selection  of  eoonomloally 
valuable  ferae. 

8.  As  a  result  of  the  fora-produolng  prooess  there 
emerge  42-ohromosome  Whoat-Agropyron  hybrids  with  soft 
wheat  type  spike  to  whioh  the  following  oharaoters  are  the 
most  readily  transmitted!  nonlodging,  reslstanoe  to  pow¬ 
dery  and  kernel  smut,  early  maturation  and  productivity. 

9.  Involvement  of  oouoh  grass  in  hybridisation  is 
one  of  the  aotual  swans  of  increasing  frost  reslstanoe  and 
hardiness  of  wintor  wheat.  The  intermediate  56-ohroaosome 
wheat-oouoh  grass  hybrids  that  we  developed  survive  the 
winters  even  under  the  rigorous  conditions  of  Siberia. 

10.  Cytologioal  studios  performed  at  our  laboratory 
revealed  that  the  supernumerary  14  oouoh  grass  chromosomes 
in  the  intermediate  56-ohromosomo  hybrids  are  referable  to 
different  genomes.  This  reveals  new  directions  in  the  use 
of  intermediate  forms  of  hybrids  in  brooding  work. 

Our  experience  in  hybridisation  of  wheat  with  oouoh 
grass  and  the  vast  experimental  material  we  have  ao cumu¬ 
lated  make  it  possible  to  tat  forth  now  tasks  in  the  field 
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of  reaote  hybridisation,  ttao  performance  of  which  is  of 
grwt  theoretieat  and  praotioal  importance. 

Of  groat  lntorost,  first  of  all,  is  th#  mot tor  of 
oroating  wheat  with  a  high  protoin  oontont  in  tho  grain. 
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figure  2.  Spikes  of  high  protein  hybrids 
obtained  froa  orosses 

Legend  i  a)  PPPO  x  winter  wtieati  b)  PPPO  x  Derehavin 

RPA. 


On  the  basis  of  the  hybrid  Material  available,  tho  labora* 
tory  has  already  undertaken  the  eroation  of  sueh  winter 


WOT  REPRODUCIBLE 


wheat  varieties  far  the  nonohernotem  tana.  Extensive  and 
diverse  initial  material  la  uaad  in  tha  orasaaat  interme¬ 
diate  (PPPO)  wheat-oaueh  grate  hybrids  with  high  preteln 
oantent  in  the  grain  (ZQ»2k%) high  preteln  rye-wheat  am- 
phldlplelde  (RM)  from  different  aanea  af  the  USSR  and 
ether  oeuntrles.  Hybridisation  is  performed  as  fellows i 
PPPG  x  PPPO,  PPPO  x  wheat,  and  PPPO  x  RPA.  The  morphologi- 
oally  oanstant  hybrids  af  the  wheat  type  abtalnad  frost 
these  orosses  are  notable  far  high  spike  productivity  (50- 
60  grains)  and  high  protein  eentant  (18-20  or  store  peroent) 
(figure  2). 

Thus,  as  indioated  by  the  preliminary  results  of  the 
studies,  a  new  steans  of  developing  high-protein  wheat  has 
been  outlined. 

Vheat-oouoh  grass  hybrids,  being  oomplex  with  re¬ 
ft  peot  to  their  hereditary  basis,  are  a  valuable  objeot  to 
be  exposed  to  ionising  radiations  and  ohenieal  mutagens. 

It  is  known  that  ordinary  wheats  are  not  vary  mutable.  The 
data  from  our  studies  lndloate  that  ionising  radiations  and 
ohenieal  mutagens  lnduoe  an  extensive  nutation  prooess  in 
wheat-couch  grass  hybrids,  a  largo  number  of  diverse  mu¬ 
tants  appears  and  they  oan  be  used  .either  dlreetly  as  oul- 
tlvars  or  as  valuable  initial  material  for  hybridisation. 

The  mutants  we  produoed  were  tested  in  1965-1966  in 
preliminary  and  competitive  strain  tests,  five  mutants 
were  singled  out  whoso  yield  is  5-8  oontnors  par  hootaro 
higher  than  the  standard |  they  have  a  short  nonlodging 
stalk,  a  solid  and  well-grained  spike  and  largo  grain. 

Among  the  oultivated  wheat  oultlvars  there  is  not  a 
single  one,  as  wo  know,  that  is  resistant  to  many  spades 
of  fungi,  lnoluding  aggressive  strains  of  stem  rust.  The 
efforts  of  smny  soientlsts  and  brooders  are  diroetod  toward 
solving  this  very  diffloult  and  Important  problem.  Our  ex¬ 
perience  indicates  that  sueh  forms  oan  be  qulokly  developed 
by  orosslng  wheat  with  ooueh  grass.  Mueh  initial  material 
has  been  obtained  at  the  laboratory  which  is  resistant  to 
powdery  and  kernel  smut  and  various  forms  of  rust.  Experi¬ 
ment*  performed  in  1965-1966  with  artificial  infeetlon  of 
the  material  in  question  revealed  that  79%  of  the  eonstant 
intermediate  hybrids  were  resistant  to  stem  rust.  The  ma¬ 
terial  available  to  us  permits  us  to  hold  the  hope  of  de¬ 
veloping  winter  wheat  oultlvars  with  group  immunity. 

Recently  both  hero  and  abroad  work  has  begun  for  the 


us«  of  eytoplasalc  not*  sterility  in  wheat  breeding.  How¬ 
ever,  in  oroating  hybrid  wheat  on  the  basis  of  CMS  /cyto- 
plasale  aal*  sterility/  soa*  difficulties  are  encountered. 
This  is  related  first  of  all  to  the  fact  that  the  existing 
fertility  restorers  do  not  provide  noraal  fertility  in  the 
hybrids.  In  addition,  when  shifting  to  a  sterile  basis  for 
wheat  varieties,  along  with  sterility  undesirable  oharao- 
ters  are  transaittedi  brittleness  of  the  spike,  late  satu¬ 
ration,  irregular  saturation  of  hybrid  plants,  and  others. 
Tor  this  reason  new  aouroes  of  CMS  have  to  be  sought.  In 
this  respeot  wheat -oouoh  grass  hybrids  will  apparently  be 
of  great  interest.  Rather  often  plants  with  sterile  pollen 
appear  in  the  oours*  of  form-produotion  in  wheat  and  oouoh 
grass  hybrids. 

Previously  no  attention  was  paid  to  these  foras. 
However  the  preliainary  studies  conducted  in  19t>5-19bb  in¬ 
dicated  that  they  oould  be  of  value  to  obtain  heterotio 
wheat. 

In  our  work  with  wheat-ooueh  grass  hybrids,  exten¬ 
sive  oytogenetlc  studies  enabled  us  to  take  a  new  dlreotion, 
to  us*  haploldy  in  developing  new  winter  wheat  varieties. 
This  aethod  is  particularly  valuable  in  reaot*  hybridisa¬ 
tion  slno*  the  latter  itself  indue**  haploldy. 

Doubling  the  nusiber  of  ohroaosoaes  in  the  haploid* 
results  in  rapid  produotlon  of  totally  hoaosygous  strain* 
(analogous  to  Inbred  strains)  which  pens  it  creation  of  new 
initial  aaterlal  as  the  result  of  aanifestatlon  of  reoes- 
sive  obaraoters  previously  latent  in  the  hybrid  plants. 

This  will  peralt  the  creation  of  new  oonstant  foras  with  a 
ooablnation  of  the  aost  useful  characters  of  both  general 
wheat  and  oouoh  grass. 

In  order  to  create  large-spiked,  hlgbly-produotlv* 
and  hardy  winter  wheat  varieties  our  laboratory  is  perfora- 
lng  wore  ooaplex  crosses,  using  wheat,  rye  and  oouoh  grass 
in  hybridisation.  At  the  present  tia*  soa*  original  oon¬ 
stant  large-spiked  foras  with  great  hardiness,  thick  and 
sturdy  stalk,  resistance  to  fungal  diseases  have  been  ob¬ 
tained  froa  suoh  trigenerio  orosses.  Their  spike  is  solid 
and  long  with  28  to  32  oars  lnstsad  of  20-25  in  ordinary 
wheat.  Grain  oontent  is  very  high,  the  nuaber  of  grains 
per  spike  reaehes  120-150  versus  in  ordinary  wheat. 

The  grain  is  largo  (weight  per  1000  grains i  *5-50  grans), 
it  is  well-filled  and  regularly  shaped.  Protein  content  ef 
the  grain  is  17-190* 


Thus,  remote  hybridization  reveals  endless  possibil¬ 
ities  to  the  breeder  with  respeot  to  improving  existing 
varieties  and  developing  new  winter  wheat  oultlvars. 

Vinter  wheat  breeding  by  the  remote  hybridisation 
method  is  a  oomplex  problem  and  its  future  suoeessful  solu¬ 
tion  is  rolatod  to  the  oxtenslvo  application  of  swdern  ad¬ 
vances  in  the  field  of  genetics,  cytology,  biochemistry  and 
other  allied  branches  of  biology. 
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